Abstract: This study presents the relationship between modulus of elasticity and, modulus of rupture relationship with compressive strength of M60 concrete incorporating Metakaolin. Comparing the experimentally obtained result with the mechanical properties calculated using the recommended relationship from the various design codes, one finds substantially variation in the data. A new empirical relationship between elastic modulus, modulus of rupture and compressive strength for Metakolin based M60 concrete is proposed.
INTRODUCTION
The static modulus of elasticity, modulus of rupture and compressive strength are important properties of concrete. These are the basic parameters for computing deflection in reinforced concrete structures. Various countries have been established their design codes based on this empirical relationship between static modulus of elasticity, modulus of rupture and compressive strength of plain concrete at 28 days of curing.
The Indian code of practice (IS: 456) recommends the empirical relation between the static modulus of elasticity and cube compressive strength of concrete as:
The ACI code (ACI-318) (Beeby and Narayanan, 1995b) defines the relationship between elastic modulus of concrete and cylinder compressive strength for calculating deflection as:
The New Zealand Code (NZS-3101) defines elastic modulus for normal strength concrete as:
The Euro-code (Beeby and Narayanan, 1995a ) recommends the following equation for static modulus of elasticity of concrete from its cube compressive strength of concrete as: ˗I = 9500 √˦′I + 8 0.33
The British Code of practice (BS-8110) recommends the following expression for static modulus of elasticity with cube compressive strength of concrete as:
where, E c : The static modulus of elasticity at 28 days in Mpa f c : Cube compressive strength at 28 days in Mpa f' c : Cylinder compressive strength at 28 days in Mpa Also, the Indian code of practice (IS 456) recommends the empirical relation between the static modulus of rupture and cube compressive strength of concrete as:
The ACI Code (ACI-318), (Beeby and Narayanan, 1995b ) defines the flexural tensile or modulus of rupture of concrete as:
The New Zealand Code (NZS-3101) defines flexural tensile or modulus of rupture for normal strength concrete as:
The Euro-Code (EC-02) (Beeby and Narayanan, 1995a) recommends the relationship between flexural tensile or modulus of rupture of concrete and cube compressive strength of concrete as:
The Canadian Code of Practice (CSA) (Beeby and Narayanan, 1995c ) defines the flexural tensile or modulus of rupture of concrete from its cylinder compressive strength of concrete as:
where, fr : Flexural tensile or modulus of rupture of concrete in Mpa f c : Cube compressive strength at 28 days in Mpa f' c : Cylinder compressive strength at 28 days in Mpa
To determine the modulus of elasticity of concrete precisely is very important for structures that require strict control of the deformability. International codes propose a wide variety of formulae which establish a relationship between modulus of elasticity and compressive strength. Most of these codes are valid up to 50 MPa, the usual limit for normal concretes. Logan et al. (2009) studied the short term mechanical properties of concrete. The elastic deformation characteristics of concrete with thirteen types of common aggregates are investigated to estimate the modulus of concrete and a modification of the BS code approach is suggested. Alendar (2001) reported that, the applicability of the BS approach to different aggregates appreciating the enormous influence on concrete properties in particularly in elastic modulus. Fawzi et al. (2013) reported the mechanical property of partial replacement of metakaolin in lightweight porcelinate aggregate concrete improves the strength properties and modulus of elasticity.
Gutierrez and Canovas (1995a to e) established the modulus of elasticity-compressive strength curve for low and high strength concretes i.e., 120 MPa. In addition to that the effect of aggregate is also studied and reported that the model code formula provides good correlation with experiment up to compressive strength of 120 MPa.
All the above empirical relationship is only for plain concretes. Therefore, these experiments focused on establishing an empirical relationship between static modulus of elasticity and modulus of rupture based on the compressive strength of concrete containing Metakaolin. Figure 1 shows the experimental setup, Table 1  Shows the properties of Metakaolin, Table 2 Shows the Concrete mix design details and Table 3 Shows the comparison of codal provisions for static modulus of elasticity, Ec in N/mm 2 .
RESULTS AND DISCUSSION

Static modulus of elasticity:
A comparison of static modulus of elasticity obtained experimentally and that obtained from the empirical expressions given by the various design codes for both plain concrete and Metakaolin concrete is presented in Fig. 2 and 3 . The figures show the modulus of elasticity predicted by IS: 456-2000 and EC:02 are higher than those predicted by ACI:318 and NZS:3101. The figures also show that the experimentally obtained modulus of elasticity is higher than the corresponding modulus of elasticity calculated from the BS: 8110 codes. Figure 2 shows the Modulus of Elasticity predicted by IS: 456-2000 (Beeby and Narayanan, 1995d ) and EC-02-1995 (Beeby and Narayanan, 1995a ) are higher than compare to other code prediction. From the Fig. 2 it is concluded that the measured value of Modulus of Elasticity (MOE) is lower side compare with IS: 456-2000, EC:02 code, ACI:318 and NZS:3101 code predictions and higher side compare to BS:8110. As the compressive strength of concrete varies, the measured and predicted values of concrete also varying. Table 2 shows the details of cube and cylinder specimen of M60 concrete. From the table it is concluded that the incorporation of Metakaolin increases upto 10% and further addition the values are decreasing.
From the literature 12 , the isolated effect of Metakaolin increases the strength properties. Also the static modulus of elasticity increases with increasing of compressive strength upto 15%. Based on the regression analysis of the experimentally obtained tests results, the proposed correlations of the modulus of elasticity and compressive strength of cube and cylinder for plain and Metakaolin based concrete are given below. For cube compressive strength:
For cylinder compressive strength:
where, E c : The static modulus of elasticity at 28 days in Mpa f c : Cube compressive strength at 28 days in Mpa f' c : Cylinder compressive strength at 28 days in Mpa C 1 , C 2 : Constants given in the Table 4 Modulus of rupture: A comparison of static modulus of rupture obtained experimentally and that obtained from the empirical expressions given by the various design codes for both plain concrete and Metakaolin concrete is presented in Table 5 .
From the Table 5 , the flexural tensile strength of experimental values of concrete is in higher side compare to other code provisions. Table 6a and b are showing the details of empirical relationships between flexural tensile strength vs. cube compressive strength and flexural tensile strength vs. cylindrical compressive strength, respectively. The values of C 1 and C 2 are high for Mix-III due to higher percentage incorporation of Metakaolin in plain concrete and low for Mix-I i.e., plain concrete.
Based on the regression analysis of the experimentally obtained tests results, the proposed correlations between flexural tensile strength and compressive strength of cube and cylinder for plain and Metakaolin based concrete are given below. For cube compressive strength:
where, f r : The flexural tensile strength in Mpa f c : Cube compressive strength at 28 days in Mpa f' c : Cylinder compressive strength at 28 days in Mpa C 1 , C 2 : Constants given in the Table 6 .
CONCLUSION
This study of the experimentally obtained elastic modulus, modulus of rupture of plain concrete containing Metakaolin and the corresponding codal provisions of select countries, led to the following conclusions:
• The experimental measured values of static modulus of elasticity of Metakaolin concrete are lower side compare to IS: 456-2000 Code, (Beeby and Narayanan, 1995d 
